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(57) Abstract 

A multiple glazing unit comprising an outer pane and an inner pane, the outer pane being of tinted glass having a total iron content 
(calculated as ferric oxide) in the range 0.3 to 2 % by weight, and carrying an infra red reflecting metal oxide coating on its surface facing 
the interior of the unit. The outer pane may be of neutral tinted glass whereby the unit and the pane each have a total solar heat transmission 
of at least 5 % less than the visible light transmission and/or may comprise a tinted glass having a coating which comprises an iridescence 
suppressing layer or layers and a pyrolitic fluorine doped tin oxide layer having a thickness in the range 200 nm to 600 nm. 
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IMPROVEMENTS RELATING TO SOLAR CONTROL GLASS AND GLAZING 

The invention relates to glazing, and in particular to a high performance solar control 
multiple glazing unit and a novel coated neutral tinted glass for use in the construction of 
such a unit 

High performance solar control double glazing units which rely on complex silver 
coatings for their performance are known. One such unit, available on the market in the 
USA utilises a coating comprising two thin silver layers sandwiched between dielectric layers 
on surface two of the unit (the surfaces of a double glazing unit are commonly referred to as 
surfaces 1, 2, 3 and 4, being numbered from outside to in; thus surface two is the inward 
facing surface of the outer pane of the unit). 

This unit has a high light transmission and relatively low heat transmission, with a 
neutral tint in both reflection and transmission, resulting from the use of the complex silver 
coating. Unfortunately, the complex silver coating is not suitable for deposition at 
atmospheric pressure and must be deposited under vacuum, for example, by magnetically 
enhanced sputtering, carried out after production of the glass. It would be desirable to have 
a high performance neutral coloured unit with a high light transmission that could be 
constructed of glass produced on line without the need for a subsequent, off-line, coating 
step. 

We have now found that a comparable performance may be achieved by using, as the 
outer pane of the unit, a tinted glass pane having a composition including an iron content 
(calculated as Fe 2 0 3 ), preferably in the range 0.3 to 1% and preferably with additional 
colouring additives to achieve a neutral colour, and an infra red reflecting metal oxide 
coating, suitable for on-line application, on one surface thereof. 

Thus, according to the present invention, there is provided a multiple glazing unit 
comprising an outer pane and an inner pane, the outer pane being of neutral tinted glass 
having total iron content (calculated as ferric oxide) in the range 0.3 to 2%, preferably 0.3 to 
1%, by weight, and carrying an infra red reflecting metal oxide coating on its surface facing 
the interior of the unit, whereby said unit has a total solar heat transmission at least 5%, 
preferably at least 10%, less than its visible light transmission. 
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The light transmission is measured using CLE. IUuminant C over the wavelength range 
380 nm to 780 nm at 10 nm intervals; the total solar heat transmission (TSHT) is the total 
(i.e. directly transmited heat plus absorbed and re-radiated heat) solar heat transmitted at Air 
Mass 2 (simulating rays from the sun incident at an angle of 30 Q ) measured over the 
wavelength range 350 to 2100 nm at 50 nm intervals. All the transmissions referred to in 
the present specification and claims are calculated by applying the rectangular rule to the 
measured values. 

UK patent specification GB 2 068 442A relates to a window assembly including means 
for mounting two panes of glazing material in a frame so as to be reversible as a body, so 
that either pane can be selectively positioned as the outer pane. In accordance with the 
specification windows can be positioned in preferred summer and winter orientations. In 
certain embodiments, described with reference to Table 8 of the specification, one of the 
panes of a double glazing panel is grey or bronze tinted glass with a fluorine doped tin oxide 
coating on its internal surface and the second pane is of clear float glass. In the winter 
orientation, with the tinted pane inwards, these units provide a visible light transmission of 
30.2% (grey glass) or 34.9% (bronze glass) and a total solar heat transmission of 64.3% 
(grey glass) or 64.5% (bronze glass); changing to the summer orientation, with the tinted 
pane outwards, does not affect the visible light transmission, but significantly reduces the 
total solar heat transmission to 34.5% (grey glass) or 35.4% (bronze glass). It will be noted 
that none of these units, whatever its orientation, provides a heat transmission lower than its 
visible light transmission. Such a result is, admittedly, provided by the second unit of Table 7 
but this employs a green tinted glass and therefore does not meet the requirement for a 
neutral tinted product. 

By neutral tint, we mean exhibiting a transmission colour having a* and b* values such 

that Va * 2 + b* 2 is less than 10, and preferably less than 8. Even lower values are 
preferred, although values of less than 7 may be more difficult to achieve, especially when a 
low (less than 50% total solar energy transmission) is required. However, when such a low 
total solar energy is not critical, values of 5 or less may be fairly readily achieved using thin 
(e.g. up to about 4 mm) tinted glass. 

Although UK patent specification GB 2 068 442A does not specify the compositions 
of the tinted glasses used, it is believed that the improved performances of the neutral tinted 
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glasses of the present invention result from higher concentration of iron in the range 0,3 to 
1% by weight (calculated as Fe 2 0 3 ) in the glass. 

The tinted glasses used in the present invention generally have a base glass composition 
in the range: 

68 - 75% Si0 2 
0 - 5% A1 2 0 3 
10- 18%Na 2 0 
0 - 5 K 2 0 
0 - 5 MgO 
5 - 15 CaO 
0 - 5% B 2 0 3 
0 - 5% BaO 
0.1 -0.3%SO 3 
0 - 3% Zr0 2 

with 0.3 to 2%, preferably 0.3 to 1.1% and especially 0.3% to 1% iron (calculated as ferric 
oxide) and additional colourants to neutralise the colour of the glass. The glass may also 
contain other additives, for example, refining aids, which would normally be present in an 
amount of up to 2%. Preferably, the additional colourants used are selenium (typically in an 
amount of from 0.5 to 20 ppm, preferably 0.5-10 ppm), and cobalt (typically in an amount, 
calculated as C03O4, of from 8 to 100 ppm, preferably 8 - 40 ppm), although other 
colourants, for example nickel oxide and/or titanium oxide, may also be used if desired. 
Cerium oxide may be used to further reduce the ultraviolet transmission. The glass 
compositions specified in the present specification and claims are all defined in percentages 
or parts by weight, based on the total weight of the composition (including both base glass 
and colourants). 

The ratio of ferrous iron to total iron will depend on the redox conditions present 
during the glass making process, and will normally be in the range 0.18 to 0.40, especially 
0.18 to 0.35, (and preferably 0.20 to 0.30) with the higher ratios providing the best 
performance, i.e. greatest difference between visible light transmission and solar heat 
transmission. Thus the ratio will usually be greater than 0.20 and preferably greater than 
0.25. 
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The total iron content is specified in weight percent ferric oxide (Fe 2 0 3 ) assuming all 
the iron is present as ferric oxide. References to the ratio of ferrous iron to total iron in the 
present specification and claims are references to ratios determined optically and given by the 
following formula, in which Tiooonm is the percentage transmission of radiation of wavelength 
1000 nm through a sample of glass L mm thick, and Fe 2 0 3 is the total iron content of the 
glass (calculated as ferric oxide) as the percentage by weight 

Ratio ferrous iron/total iron = [log, 0 0? ) -0.036] 1.152 

1000 ran 

L x Fe 2 0 3 

The resultant value represents the proportion of the iron content which is present in the 
ferrous (as opposed to ferric) state. 

Units with a light transmission of at least 50%, especially at least 55%, are preferred, 
and to achieve these high light transmissions the tinted glass used will normally have an iron 
content of less than about 1.3%, especially less than about 1%, for 3 mm glass, reducing with 
increasing pane thickness to less than about 0.9%, especially less than about 0.7%, for 6mm 
glass (and reducing further as the tinted pane thickness increases). Moreover, it is preferred 
that the multiple glazing units of the present invention have a total solar heat transmission of 
not more than 50%. 

The infra-red reflecting metal oxide coating on the tinted pane will normally be a doped 
metal oxide, for example a doped tin oxide or doped indium oxide coating, typically of such 
thickness and properties that the coated tinted glass exhibits an emissivity of less than 0.2. 
Not only are such metal oxide coatings generally more durable than the prior art silver 
coatings discussed above, but they are more suitable for production by an on-line coating 
process applied to the ribbon of glass as it is produced, so avoiding the need for a separate, 
off-line, coating step. 

It is especially preferred to use, for the infra red reflecting metal oxide coating, a 
fluorine doped tin oxide layer having a thickness in the range 200 nm to 600 nm, preferably 
300 nm to 500 nm, with an iridescence suppressing underlayer or underlayer(s). Such 
coating layers are applied commercially by pyrolytic coating processes applied on-line to a 
ribbon of glass as it is produced and have the advantage of durability referred to above. The 
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iridescence suppressing underlayer(s) may be as described in patents of Professor Gordon, 
for example GB 2 031 756B. 

The preferred infra red reflecting metal oxide coatings used in the present invention are 
usually used on clear glass to retain heat (as, for example, in the use of the commercially 
available products ENERGY ADVANTAGE™ glass and PILKINGTON K GLASS™) but 
the present invention employs them to reject heat. The tinted glass to which the coatings are 
applied in accordance with the practice of the present invention is preferably a neutral tinted 
glass, but the use of the particularly preferred infra red reflecting metal oxide coatings 
referred to above on more highly coloured tints (i.e. tints not conforming to the definition of 
"neutral" set out above) is also new and especially advantageous when these coated tinted 
glasses are employed in multiple glazing units with the tinted glass used as the outer pane of 
a multiple glazing unit. 

Thus, according to a further aspect of the present invention, there is provided a 
multiple glazing unit comprising an outer pane and an inner pane, the outer pane being of 
tinted glass carrying a coating on its surface facing the interior of the unit wherein said 
coating comprises an iridescence suppressing layer or layers and a pyrolytic fluorine doped 
tin oxide layer having a thickness in the range 200 nm to 600 nm. 

The unit and the tinted glass outer pane used in it may each desirably have the features 
discussed above and/or claimed in any of the dependent claims. 

To achieve the desired performance, the multiple glazing units of the present invention 
may be constructed using, for the outer pane, a pane of neutral tinted glass having an iron 
content (calculated as Fe 2 0 3 ) in the range 0.3 to 2%, preferably 0.3 to 1%, by weight 
carrying an infra-red reflecting metal oxide coating on one surface thereof and having a total 
solar heat transmission at least 5% less than its light transmission. Such neutral tinted 
coated glass is novel and constitutes a further part of the present invention. 

Preferably, the neutral tinted coated glass has a total solar heat transmission at least 
10% less than its light transmission. 

Moreover, because of the durability of the coatings, panes of the coated neutral tinted 
glass of the present invention may, if desired, be glazed monolithically, without the need for 
incorporation in a multiple glazing unit 

When the panes of coated neutral tinted glass used in the present invention have a 
thickness in the range 3 to 5 mm, they will normally have an iron oxide content in the range 
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0.5 to 0.9%, preferably 0.5 to 0.8% by weight; thicker panes, i.e. having a thickness of at 
least 5 mm, will normally have an iron oxide content in the range 0.4 to 0.8%, preferably 
0.4 to 0.6% by weight. 

The invention is illustrated but not limited by the following description with reference 
to the accompanying diagrammatic drawing of a section through a double glazing unit in 
accordance with the invention. 

Referring to the drawing, a double glazing unit 1 comprises opposed parallel spaced 
panes 2 and 3, separated at their periphery by, and with gas space 4 between them sealed by, 
spacing and sealing means generally designated 5. 

Pane 2, which is to be the outer pane when the unit is glazed, comprises a neutral 
tinted glass having a total iron content in the range 0.3 to 2% by weight and carrying an 
infra red reflecting metal oxide coating 6 on its surface towards the gas space 4, whereby the 
unit has a total solar heat transmission at least 5% less than its visible light transmission. 
Inner pane 3 is of clear float glass. 

In a first series of Examples, pane 2 is composed of neutral tinted glass comprising the 
following base glass composition: 



Si0 2 

A1 2 0 3 
Na 2 0 

K 2 0 



72.5% 



1.0% 



12.9% 



0.6% 



CaO 



8.3% 



MgO 

so 3 

with the following colourants: 



3.9% 



0.2% 



Total iron (calculated as Fe 2 0 3 ) 

Ratio ferrous iron (calculated as Fe 2 0 3 ) 
to total iron (calculated as Fe 2 0 3 ) 



0.50% 



0.20 



Cobalt (calculated as Co 3 0 4 ) 1 5 ppm 

Selenium (calculated as selenium metal) 2.5 ppm 

all parts and percentages being by weight, based on the total (base glass + colourants) 

weight of the glass. 
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The first pane in the series (Example 1) is 3 mm thick; the second pane (Example 2) is 
6 mm thick. Each tinted pane carries a pyrolytic infra red reflecting fluorine doped tin oxide 
coating of approximately 350 mm thickness providing a normal emissivity of 0.16 applied 
over a colour suppressing underlayer of the kind described in UK patent GB 2 031 756B. 

The basic optical properties of the panes are set out in Table la. Table lb shows, for 
each of the tinted panes of Examples 1 and 2, the performance of a double glazing unit as 
illustrated in the drawing in which the inner pane is a pane of clear float glass of the same 
thickness as the outer pane, with the gap between the panes 12mm wide and filled with air. 

Corresponding values for similar double glazing units, but with the coating on the air 
space side of the inner clear float pane and the outer tinted pane uncoated are shown in 
brackets in Table lb by way of comparison. 

Table la 



Visible light transmission 

Total solar heat transmission 

Transmission colour a* 
b* 

Va* 2 + b* 2 



Example 1 

72% 

59% 

-3.2 
+2.9 
4.3 



Example 2 

61% 

50% 

-5.7 
+3.4 
6.6 



Visible light transmission 

Total solar heat transmission 

Transmission colour a* 
b* 

Va* 2 + b* 2 



Table lb 

Example 1 
(double glazing unit) 

66% (66%) 

51% (55%) 

-3.9 
+2.7 
4.7 



Example 2 
(double glazing unit) 

55% (55%) 

42% (46%) 

-6.5 
+3.2 
7.2 



The data in Tables la and lb shows the high performances achieved, even with a 
neutral coloured glass, when using an outer tinted pane with a total iron content of 0.5% and 
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an infra red reflecting coating, the heat transmission being, in each case, substantially lower 
than the light transmission. It is apparent, from the figures in brackets, that the 
performance, in particular in respect of heat transmission, of the double glazing unit is 
substantially improved by using the low emissivity coating on the outer tinted pane, rather 
than on the clear glass inner pane. 

In a further series of Examples, pane 2 is composed of a neutral tinted glass having the 
same base glass composition as in Examples 1 and 2, but with the following colourants: 

Total iron (calculated as Fe 2 0 3 ) 0.45% 

Ratio ferrous iron (calculated as Fe 2 0 3 ) 0.26 
to total iron (calculated as Fe 2 0 3 ) 

Cobalt (calculated as Co 3 0 4 ) 1 0 ppm 

Selenium (calculated as selenium metal) 2.5 ppm 

wherein, as before, all parts and percentages are by weight, based on the total (base glass + 
colourants) weight of the glass. 

The first pane in this series (Example 3) is 3 mm thick; the second pane (Example 4) 
is 6 mm thick. Each tinted pane carries a pyrolytic infra red reflecting fluorine doped tin 
oxide coating of approximately 350 mm thickness providing a normal emissivity of 0.16 
applied over a colour suppressing underlayer of the kind described in UK patent GB 2 03 1 
756. 

Tables 2a and 2b set out the optical properties of the panes (Table 2a) and double 
glazing units incorporating the panes (Table 2b). In each case, the double glazing units are 
as shown in the drawing, with the inner pane being a pane of clear float glass of the same 
thickness as the outer pane, and the gap between the panes 12mm wide and filled with air. 
The figures shown in brackets in Table 2b are the corresponding values for modified units 
using the same outer panes but in uncoated form, with the infra red reflecting coatings on 
the air space sides of the inner clear float panes. 
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Table 2a 



Visible light transmission 

Total solar heat transmission 

Transmission colour a* 
b* 

Va* 2 + b* 2 



Example 3 

72% 

58% 

-3.2 
+2.9 
4.3 



Example 4 

61% 

48% 

-5.7 
+3.4 
6.6 



Visible light transmission 

Total solar heat transmission 

Transmission colour a* 
b* 

Va* 2 + b* 2 



Table 2b 

Example 3 
(double glazing unit) 

66% (66%) 

50% (53%) 

-3.9 
+2.7 
4.7 



Example 4 
(double glazing unit) 

55% (55%) 

40% (44%) 

-6.4 
+3.2 
7.2 



By comparing Example 1 with Example 3, and/or Example 2 with Example 4, it will 
be seen that the performance of both the coated tinted glass, and double glazing units 
comprising the glass, in selectively admitting light rather than heat, has been improved still 
further within the scope of the invention by modification of the glass composition. Thus the 
visible light transmission values (and the colours) have remained unchanged, while the heat 
transmission values have been reduced by 1% for the 3 mm glass cases (Example 3) and by 
2% for the 6 mm glass cases (Example 4). 
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1. A multiple glazing unit comprising an outer pane and an inner pane, the outer pane 
being of neutral tinted glass having total iron content (calculated as ferric oxide) in the 
range 0.3 to 2% by weight, preferably 03 to 1%, by weight, and carrying an infra red 
reflecting metal oxide coating on its surface facing the interior of the unit, whereby said 
unit has a total solar heat transmission at least 5% less than its visible light 
transmission. 

2. A multiple glazing unit according to claim 1 having a solar heat transmission at least 
10% less than its visible light transmission. 

3. A multiple glazing unit according to claim 1 or claim 2 having a visible light 
transmission of at least 50%. 

4. A multiple glazing unit according to claim 3 having a visible light transmission of at 
least 55%. 

5. A multiple glazing unit as claimed in any of the preceding claims having a total solar 
heat transmission of not more than 50%. 

6. A multiple glazing unit as claimed in any of the preceding claims wherein the coated 
outer pane has a total solar heat transmission at least 5% less than its visible light 
transmission when irradiated from the uncoated side. 

7. A multiple glazing unit as claimed in claim 5 wherein the coated outer pane has a total 
solar heat transmission at least 10% less than its visible light transmission. 

8. A multiple glazing unit as claimed in any of the preceding claims wherein the coated 
outer pane has a visible light transmission of at least 60%. 
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